Introduction {#sec1-1}
============

Parkinson\'s disease (PD) is one of the most common neurodegenerative movement disorders. It affects more than 0.1% of the population older than 40 years of age.\[[@ref1]\] Clinically, most patients present with a tremor at rest, rigidity and akinesia. A number of patients also suffer from anxiety, depression, autonomic disturbances and dementia. Although there are effective symptomatic therapies, there are no proven neuroprotective or neurorestorative therapies.\[[@ref2]\] The major clinical symptoms of PD is loss of dopamine (DA) neurons in the substantia nigra pars compacta (SNc), but there is wide-spread neuropathology and the SNc only becomes involved toward the middle stages of the disease.\[[@ref3]\] Lewy bodies and dystrophic neurites (Lewy neurites) are a pathologic hallmark of PD and classically are round eosinophilic inclusions composed of a halo of radiating fibrils and a less defined core.\[[@ref4]\] However, the other disorder like depression is the main confounding factor that impacts quality-of-life in PD\[[@ref5][@ref6][@ref7]\] and prevalence of depression in PD varies from 20% to 50% and is frequently associated with greater disability, rapid progression of motor symptoms and increased mortality.\[[@ref8][@ref9]\]

Granulocyte-colony stimulating factor (G-CSF), a hematopoietic growth factor has a potential role in mobilizing peripheral blood progenitor cells and form new myeloid cells with potential neuroprotective effect in several studies.\[[@ref10][@ref11][@ref12]\] Experimental evidence have shown that neuroprotective effect of G-CSF is due to inhibitory activity of the production or activity of the main inflammatory mediators interleukin-1, tumor necrosis factor-alpha and interferon gamma.\[[@ref13]\]

Hence, present study was designed to evaluate the effect of G-CSF on experimentally induced PD and co-morbid depression in rats because it is very difficult to target multiple contributing factors by a drug.

Materials and Methods {#sec1-2}
=====================

Adult Wistar male rats weighing about 180-250 g were obtained from the central animal house of the institute. The animals were housed in standard laboratory conditions in groups of three at 25 ± 2°C, humidity of 60 ± 2% and 12 h light: Dark cycle. Animals had a free access to standard laboratory chow diet and tap water. The animals were acclimatized to the laboratory conditions 1 week prior to experimentation. All experiments were conducted daily between 09:00 am and 03.00 pm h. The protocol was approved from Institutional Animal Ethics Committee and the animal housing, care and handling was followed as per committee for the purpose of control and supervision on experiments on animals guidelines for animal care and use.

The experiment was designed as a parallel group study. The experiment was carried out in eight groups namely, control group (*n* = 5): In this group, healthy normal rats were taken and the vehicle (phosphate buffered saline, pH 7.4 with 0.01% ascorbic acid) was given from 1 to 14 days intraperitoneally; sham operated group (*n* = 5): Rats were exposed to stereotaxis/intracerebroventricular injection, but were not treated with any drug preparation, then sutured back and was analyzed on day 15. Vehicle group (*n* = 5): Rats were exposed to stereotaxis/intracerebroventricular injection on day 0 in the fixed coordinates and 6-hydroxydopamine (6-OHDA) at the concentration of 12 μg in 4 μl in 0.01% ascorbic acid was inserted and treatment with the vehicle for 14 days; G-CSF group (70 μg/kg, s.c.) (*n* = 5): Rats were exposed to stereotaxis/intracerebroventricular injection on day 0 in the fixed coordinates and 6-OHDA at the concentration of 12 μg in 4 μl in 0.01% ascorbic acid was inserted and G-CSF (70 μg/kg, s.c.) treatment was given for 1-6 days and followed for 14 days. L-DOPA group (30 mg/kg) (*n* = 5): Rats were exposed to stereotaxis/intracerebroventricular injection on day 0 in the fixed coordinates and 6-OHDA at the concentration of 12 μg in 4 μl in 0.01% of ascorbic acid was introduced and treated with L-DOPA/carbidopa (30 mg/7.5 mg; 4:1) for 1-14 days.

 {#sec2-1}

### PD Model Development (6-OHDA Nigrostriatal Lesions) {#sec3-1}

Unilateral 6-OHDA (base, Sigma-Aldrich Ltd. Poole, UK) nigrostriatal lesions were created after 1 h of drug administration. Rats were anesthetized with ketamine (100 mg/kg, i.p.) + xylazine (10 mg/kg, i.p.) and placed in a stereotaxic frame. The coordinates of the substantia nigra was located at anterior-posterior (AP): --3.0 mm and middle lateral (ML): +2.5 mm (relative to bregma), dorsal ventral (DV): --7.6 mm (relative to dura).\[[@ref14]\] Next, 4 μl (12 μg) of 6-OHDA--hydrochloride in 0.1% of ascorbic acid/saline solution was drawn into a 10 μl Hamilton syringe and infused into the substantia nigra at a rate of 1 μL/min followed by a 5-min equilibration time. Infusions were made during which the needle remained in place and was then slowly retracted.\[[@ref15]\] After surgery, the wound of rats were wiped with 70% of ethanol and iodine solution. Then, treated with neosporin power before sifting to their home cage and were treated with parenteral analgesics daily for 5 days.

### Adhesive Removal {#sec3-2}

Small adhesive stimuli (10 mm round) were placed on the snout of the rat and the time to make contact and remove the stimulus was recorded. To remove the stimulus, animals would raise both forelimbs toward their face and swipe off the stimulus with both forepaws. In general, rats make contact and remove the stimulus within 10 s. Each animal received two trials and the trials were alternated and hencethat each rat has an intertribal interval of at least 2 min. All the testing was performed in the animal\'s home cage and cage mates were temporarily removed during testing because they can interfere with stimulus removal. If the animals not able to remove the stimulus within 60 s, the experimenter removed it. Stimulus contact time, removal time and removal contact time was calculated for each animal.\[[@ref16]\]

### Forced swim test (FST) {#sec3-3}

FST is very commonly used model for screening and development of antidepressant drugs. It developed despair like behavior in rodents. The test The FST described by Porsolt *et al*.\[[@ref17]\] 1977 was slightly modified and followed briefly, each rat was placed individually in a glass cylinder (diameter 22.5 cm, height 30 cm) that was filled to the 25 cm mark with water. The rat was forced to swim for 15 min on the 1^st^ day of experiment (pre-test day). Rats were then allowed to return to their home cage. On day 1, 7 and 15, each rat (vehicle/drug treated) was assessed for 5 min. The duration of immobility, floating and climbing were recorded in last 4 min. Rat was immobile, when its front and hind paws were no longer moving and the rat was in floating position without struggle, whereas climbing was defined when rats were tried to move its front paws on the cylinder wall and try to climb. The rat was considered to be immobile when it stopped struggling and passively moved to remain floating and keep its head above water. Water was changed between the experiment to make rats clear and visible and the temperature was maintained at 22 ± 2°C throughout the experiment. The immobility time was recorded manually by an observer who was blind to the drug treatment.

### Histological evaluation {#sec3-4}

Analysis of cell density in SNc was performed on by using Nissl Staining. Briefly, Nissl-stained neurons were analyzed in (light microscopy; ×400). At least two sections representative of each of four Paxinos--Watson planes (4.2, 3.8, 3.2, 2.97; interaural) were examined by scanning the mounted sides.\[[@ref18]\]

### Statistical Analysis {#sec3-5}

Observations were recorded and arranged on a Microsoft Excel spreadsheet (Microsoft, Seattle, WA, USA). The data was imported into statistical package of social science (SPSS version 16.0; IBM Corp. Armonk, NY) and behavioral measurements were analyzed using the one-way ANOVA *post-hoc* Tukey\'s test. The *P* \< 0.05 was considered to be statistically significant.

Results {#sec1-3}
=======

The surgical procedure was conducted after proper anesthesia and all animals tolerated well the surgical operations and found there was no mortality due to treatments. However, we observed there is weight loss in some rodents, but found not significantly different from one another (data not shown).
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### Effect Of G-CSF on Adhesive Removal Test {#sec3-6}

On day 1, reaction time to remove the adhesive from their snout was very less, however, on day 7 and 14 reaction time was significantly increased in vehicle treated group when compared to control and sham operated group (*P* \< 0.001; 15.8 ± 2.26 vs. 2.0 ± 0.32 vs. 1.6 ± 0.24). Treatment with G-CSF 70 was found to significantly reduced the reaction time as compared to vehicle treated as well as standard drug L-DOPA (*P* \< 0.05; 4.8 ± 1.07 vs. 24.8 ± 4.18 vs. 12.4 ± 1.50) \[[Figure 1](#F1){ref-type="fig"}\].

![Adhesive removal test, effect of granulocyte-colony stimulating factor on adhesive removal test in 6-hydroxydopamine (6-OHDA) induced Parkinson\'s disease model of rats: \**P*\< 0.05, as compared to control; ^\$^*P*\< 0.05, as compared to sham; ^\#^*P*\< 0.05, as compared to 6-OHDA + vehicle group, ^a^*P*\< 0.05, as compared to L-DOPA/carbidopa](IJPharm-45-612-g001){#F1}

### Effect Of G-CSF on Immobility Test in Forced Swim Test {#sec3-7}

Rats were exposed to the FST on day 13 of experiment and immobility behavior was assessed on day 14. In the vehicle group, immobility time was significantly increased when compared with control and sham operated group (*P* \< 0.001; 76.6 ± 5.56 s vs. 11.8 ± 2.05 vs. 13.8 ± 1.65) Treatment with G-CSF 70 was significantly reduced the immobility time on day 14 when compared with vehicle treated group (*P* \< 0.005; 17.0 ± 3.03 s vs. 76.6 ± 5.56 s) and L-DOPA + carbidopa group (*P* \< 0.05; 17.0 ± 3.03 s vs. 39.4 ± 1.72) \[[Figure 2](#F2){ref-type="fig"}\].

![Immobility test, effect of granulocyte-colony stimulating factor on FST test in 6-hydroxydopamine (6-OHDA) induced Parkinson\'s disease model of rats, \**P*\< 0.05, as compared to control; ^\$^*P*\< 0.05, as compared to sham; ^\#^*P*\< 0.05, as compared to 6-OHDA + vehicle group, ^a^*P*\< 0.05, as compared to L-DOPA/carbidopa](IJPharm-45-612-g002){#F2}

### Neuronal Density {#sec3-8}

Nissl staining for the SNc neuron showed significantly loss in vehicle treated group as compared to control and sham operated group. However, G-CSF 70 showed significantly increased neuronal density in SNc region of rat brain when compared with the vehicle as well as L-DOPA + carbidopa group \[[Figure 3](#F3){ref-type="fig"}\].

![Nissl staining, effect of granulocyte-colony stimulating factor (G-CSF) on neuronal density in substantia nigra pars compacta in 6-hydroxydopamine induced Parkinson\'s disease model of rats, (a) control group, (b) sham operated group, (c) vehicle treated group (d) G-CSF 70 and (e) L-DOPA + carbidopa](IJPharm-45-612-g003){#F3}

Discussion {#sec1-4}
==========

The present study is a preliminary one, aimed to show the neuroprotective effect of G-CSF in PD rat model. This is the first study, which implicated the effect of G-CSF on PD associated with depression. Present study showed that G-CSF significantly reduced the adhesive removal time and immobility time in FST test. Neuronal density was also found to increase highly in SNc region of the brain.

Among the model of PD, unilateral 6-OHDA model is frequently used in rats and has the advantage of presenting side-biased motor impairments and produced symptoms like PD. As the finding of the present study rats 6-OHDA significantly increased the reaction time to remove the adhesive. Bouet *et al*.\[[@ref19]\] 2009 showed that adhesive removal test is of have high sensitivity, because it showed coordination behavior of paw and mouth. Hence, this test gives correct outcome of sensitivity such as time to contact paw and mouth and correct dexterity, i.e., time to remove. The impaired behavior was found to improve after the G-CSF treatment.

Cummings,\[[@ref2]\] 1992 reported that depression occurs in approximately 40% of patients with PD and it is distinguished from other depressive disorders by greater anxiety and less self-punitive ideation. FST is a very commonly used animal model to assess the depression like behavior. FST showed significantly increased immobility time in vehicle treated rats, whereas G-CSF treatment significantly reduced the immobility time. The neuroprotective activity of G-CSF is significantly supported by the increased neuronal density in SNc. Similarly, Song *et al*.\[[@ref20]\] 2011, reported that G-CSF enhances recovery of DA nigro-striatal function from MPTP toxicity in part by modulating the microglial response to injury. However, other studies reported that neuroprotective effects of G-CSF have been attributed to activation of several anti-apoptotic pathways. G-CSF prevented neuronal death triggered by methyl-phenylpyridinium in cell cultures of primary midbrain neurons and PC12 cells by increasing expression of the anti-apoptotic protein Bcl-2 while decreasing the pro-apoptotic Bax.\[[@ref21][@ref22]\] Activation of the PI3K/Akt pathway by G-CSF in cultured rat cortical neurons was reported to be another anti-apoptotic pathway responsible for neuroprotection.\[[@ref23]\]

Conclusion {#sec1-5}
==========

The present study showed that G-CSF have a potential role in the treatment of PD associated with depression. However, this is a preliminary part of study and has required more molecular assessment to conclude the finding of the present study.
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